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(54) Preparing air-permeable thermoplastic film 

(57) To produce an air-permeable film, there is used a composition of (i) 42 to 87 vol% of a thermoplastic resin, 
preferably a specific high-density polyethylene and/or an ethylene/a-olefin copolymer, and (ii) 58 to 13 vol% of an 
inorganic filler (e.g. CaCOs) preferably of average particle size 0.05 to 4 jtm. The composition Is extruded over a 
mandrel into a tubular film, heated, and biaxially stretched along a truncated-conical mandrel, so as to be stretched in 
the range 1.5 to 4 in both machine and transverse directions, and to be thereby oriented. Gas (air) is blown 
continuously into the tube of film so as to pass through the permeable film and gas is also blown over the outside of 
the film to cool it. 

The physical properties of the film produced can be controlled by control of the ingredients and process 
conditions. 
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SPECIFICATION 



Process of preparing an air-permeable film of a thermoplastic resin 



5 The present invention relates to a process of producing an air-pennneable film by biaxially stretehing a 5 
tubular unstretched film of a composition comprising a thermoplastic resin and an inorganic filler. 

Many methods have been proposed for producing an air-permeable film by biaxially stretching an un- 
stretched film of a composition comprising a thermoplastic resin and an inorganic filler, thereby intro- 
ducing a number of open voids into the film. The biaxial stretching processes include a process of 

10 biaxially stretching a film in a flat form and a process of biaxially stretching a fi m in a tubular form. The 10 
process of biaxially stretching the flat flim Is not economical for two reasons: 1) The edges of the film 
that are pinched wrth clips during stretching in the transverse direction must be trimmed off to produce a 
final product- and 2) the process requires a very expensive stretching equipment Furttiermore, the proc- 
ess currentlyused commercially comprises stretching a flat film in ttie machine direction and ttie tians- 

15 verse direction in separate steps, and ttierefore. tiie film stretched by this method does not have ttie 15 
balanced mechanical properties. j ._. ^ . 

In Older to overcome these problems, a process has been proposed, which compnses stretching the 
film in a tubular form. In addition to its relatively low investment, tills process achieves a higher produc- 
tivitv since no clip is used and all parts of the film are stretched. Furthermore, ttie film is stretched in tiie 

20 machine and transverse directions almost simultaneously, so ttiat the resulting film has balanced me- 20 

"^Th^prorei^Tbiaxially stretching the film in a tubular form includes an intemal pressure bubble 
stretching process which comprises stretching a film by internal pressure of a pressurized gas and a 
mandrel stretching process which comprises stretching a film by inserting a truncated-conical mandrel 

25 into a tubular unstretched film. . j • * 

The intemal pressure bubble stretching process comprises stretching a film in a transverse (circumfer- 
ential) direction by an intemal pressure between rolls, virfiile stretching ttie film in the machine direction 
bv the difference in the peripheral speed between low speed rolls and high speed rolls. The lowspeed 
rolls and high speed rolls have a nip roll system to prevent tiie leakage of tiie pressurized gas. Therefore. 

30 if a tubular unstretched film of a composition comprising a themioplastic resin an inorganic filler is 
biaxially stretched by this intemal pressure bubble process, tiie film passing through the nip of ttie low- 
sS rolls is folded up into two, and ttie edges along tiie fold lines deform plastically to cause separa- 
tion of the inorganic filler from ttie resin matrix. This defective area starts to be stretched witti a low 
stretch stress and causes Inconsistent stretching, which leads to an undesired change in the shape of ttie 

35 tubular film being stretched. At the same time, this area Is stretched in an excessively high stretch ratio 
and causes uneven distribution of voids in ttie film. This results in streaks running m ttie machine direc- 
tion and prevents ttie formation of an air-permeable film having a uniform quality. Furthermore, ttiis in- 
temal pressure bubble process is not highly suitable for continuous production of an air-permeable film 
in a stable manner because tiie pressurized gas applied to the inner surface of the tubular fikn between 

40 ttie low-speed and high-speed rolls for stretching in the transverse direction will leak out of ttie air- 

Th^'^proble'ms can be solved by using a truncated-conical mandrel as a guide means for stretching 
the tubular film because uniform stretching Is ensured and tfie absence of the need for a pressurized gas 
eliminates tiie fold lines, and hence the longitudinal sUeaks, tiiat form as a result of passage through the 

45 nip rolls. However, when the film is stretched along the mandrel, a considerable amount of compressive 
stress develops ttirough ttie thickness of the film and this stress collapses ttie voids tfiat have once 
formed in the film as a result of stretching. Therefore, even the use of ttie mandrel is unable to produce a 
high-aualitv air-permeable film. , ^ • u- ui 

Aslhown above, none of ttie prior art processes have attained tfie object of manufactunng a highly 

50 air-permeable film with balanced mechanical properties in machine and transverse directions by bi^ially 
stretching a tubular film made of a composition comprising a tiiermoplastic resin and an inorganic filler. 

Air-oeirneable films have a wide variety of uses, and their recent applications include sanitary products 
such as disposable diapers, and sanitary napkins. The films used in Jh^se applications must ha^^^ 
touch resembling fabrics rather than paper. This requirement could be folfilled by using a flexible ther- 

56 moplastic resin having low rigidity, but no process ttiat has been proposed hitherto is capable of consist- 
ent manufacture of a soft highly air-permeable and unifomily ttiick film having balanced mechanical 
properties in machine and transverse directions. . ,u c. j .k» »i,!„««r tho 

The softness or flexibility of a film depends largely upon tiie ttiickness of the film, and tiie thinner ttie 
film ttie better. However, in the conventional process a suffidentiy ttiin air-permeable film cannot be 

60 continuously stretched from a composition comprising a thermoplastic resin and an inorganic filler be- 
cause local neckings occur as soon as the stretching operation is started. Furthermore, ttie ttiickness ot a 
tubular unstretched film Is less uniform tfian ttiat of a flat unstretched film, and as a r^ult, the biaxially 
stretched tubular film generally has a ttiickness which is less uniform tiian ttiat of the flat film drawn 
biaxially; It is ttierefore impossible to manufacture a ttiin air-permeable film having a high uniform tnicK- 

65 ness and balanced mechanical properties in machine and transverse directions in a stable manner. 
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The present invention is intended to overcome those problems of the prior art processes. 

One object of the present invention is to provide a process for producing highly air-permeable film 
having balanced mechanical properties in machine and transverse directions in a stable manner. 

Another object of the present invention is to provide a process for producing a highly air-permeable 
5 film having a uniform thickness, a high degree of softness and balanced mechanical properties in ma- g 
chine and transverse directions in a stable manner. 

A further object of the present invention is to provide a process for producing a suffidently thin and 
highly air-permeable film having a high uniform thickness and balanced mechanical properties in ma- 
chine and transverse directions in a stable manner. 
10 The first object of the present invention can be achieved by a process which comprises: 

1) biaxialty stretching a tubular unstretched film of a composition comprising 42 to 87 vol% of a ther- 
moplastic resin and 58 to 13 vol% of an inorganic filler along a truncated-conical mandrel; 

2) blowing a gas over the outside of the biaxially stretched tubular film to cool the film; and 

3) simultaneously, blowing a gas continuously into the tube of the film so that the gas penetrates 

15 through the film to the outside. 15 
The second object of the invention can be achieved by using as the thermoplastic resin in said process 
either 

1) an ethylene/a-olefin copolymer having a density of 0.910 to 0.940 g/cm^ a melt flow rate of 0.1 to 5 
g/10 min and preferably Q value of 4 or more, the Q value being defined as the ratio of the weight aver- 

20 age molecular weight to the number average molecular weight; or 20 

2) a mixture of 10 to 90 wt% of an ethylene/a-olefin copolymer having a density of 0.910 to 0.940 g/cmP 
and a melt flow rate of 0.1 to 5 g/10 min and 90 to 10 wt% of a high-density polyethylene having a 
density of 0.941 g/cm^ or more, a melt flow rate of 1.0 g/10 min or less and a Q value, as defined above, 
of 8 or higher. 

25 The third object of the invention can be attained by using as the inorganic filler a mixture of 50 to 97 25 
voI% of a first inorganic filler having an average particle size of 0.7 to 4 ^un and 50 to 3 vol% of a second 
inorganic filler having an average particle size of 0.05 to 0.7 jtm, the two fillers being mixed in such 
proportions that the ratio of the average particle size of the first filler to that of the second one is 2 to 20. 
The thermoplastic resin used in the invention may be a polyolefin (e.g. homopolymers such as low- 

30 density polyethylene, high-density polyethylene or polypropylene; and copolymers such as ethylene/pro- 30 
pylene copolymers or ethylene/butene-1 copolymers), polyesters or polyamides. These resins may be 
used alone or in combination. Of those resins, polyolefins, particularly high-density polyethylene and eth- 
ylene/a-olefin copolymers are preferred. 
The ethylene/a-olefin copolymers are straight-chain low-density ethylene copolymers comprising 1 to 

35 20 wt%, preferably 3 to 15 wt%, of a-olefins having a C^-C^ molecular skeleton and 99 to 80 wt%, prefera- 35 
biy 96 to 85 wt%, of ethylene. These copolymers are produced by copolymerizing ethylene and at least 
one a-olefin having a Cg-Ce molecular skeleton in the presence of a catalyst made of a combination of a 
transition metal compound and an organo-metallic compound. The ethylene/a-olefin copolymers have 
molecular structures, melt properties, crystallization properties, solid physical properties and stretching 

40 characteristics different from those of the conventional branched low-density polyethylene resins that are 40 
produced by polymerizing ethylene through radical reaction under high pressure in the presence of an 
oxygen radical initiator. 

The ethylene/a-olefin copolymers suitable for use in the present invention have a density of 0.910 to 
0.940 g/cm3 preferably 0.916 to 0.935 g/cm^ and a melt flow rate IMFR) of 0.1 to 5 g/10 min, preferably 0.1 

45 to 3 g/10 min. The ethylene/a-olefin copolymers having a Q value (i.e., the ratio of the weight average 45 
molecular weight to the number average molecular weight) of 4 or more are preferred, and those having 
a Q value of 6 or more are particulariy preferred. Although the use of a single ethylene/a-olefin copoly- 
mer is preferred, two or more copolymers having different indices may be used if the mixture has a 
density, MFR and Q value within the ranges defined above. 

50 If the ethylene/a-olefin copolymer has a density of less than 0.910 g/crn^, uniform stretching is not pos- 50 
sible, and if its density exceeds 0.940 g/cm^ a stretched film having the desired softness cannot be ob- 
tained. If the MFR of the copolymer is less than 0.1 g/10 min, an abnormal fluidity occurs in melt 
extruding an unstretched film from a die and a uniform unstretched film cannot be obtained. If the MFT 
exceeds 5 g/10 min, uniform stretching is not ensured. If the Q value of the copolymer is less than 4, 

55 uniform stretching tends to be difficult, and a uniform thickness tends to be lost 55 
The high-density polyethylene which is also suitable for use in the present invention has a density of 
0.941 g/cm^ or more, preferably 0.945 g/cm^ or more, and an MFR of 1.0 g/10 min or less, preferably 0.1 
g/10 min or less. The high-density polyethylene having a Q value of 8 or more is preferred, and one i 
having a Q value of 10 or more is particulariy preferred. Two or more high-density polyethylenes having 

60 different indices may be used in the present invention if the mixture has a density, MFR and Q values 60 
within the ranges defined above. 

If the density of the highrdensity polyethylene is less than 0,941 g/cm^, the film adheres to the surface 
of the mandrel so strongly that the film cannot be stretched uniformly in the machine direction. If the 
MFR of the polymer exceeds 1.0 g/10 min, uniform stretching in the transverse direction becomes diffi- 

65 cult If the Q value is less than 8, uniform stretching tends to be difficult and a uniform film thidcness will 65 
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The ethvlene/a-olefin copolymer may be used in admixture with the high-density polyethylene in order 
to produce an air-permeable film having a high degree of softness. In this case, the ethylene/a-olefin 
Spooler is used in an amount of 10 to 90 wt%. preferably 30 to 80 wt%, and the high^ens.ty pofyeth- 

5 yiene is used in an amount of 90 to 10 wt%. preferably 60 to 20 wt%. If the proportion of the high-density 5 
oolvethylene is less than 10 wt%, its ability to provide a more uniform stretching in the transverse direc- 
tion tends to be lost If more than 90 wt% of the high-density polyethylene is used, an air-permeable film 
having the desired softness will not be obtained. 
Examples of the Inorganic filler used in the present invention are calcium carbonate, calcium oxide, 

10 talc day, silica, titanium oxide, alumina and aluminum sulfate, and these fillers may be used either alone 10 
or in cSSbination. These inorganic fillers are preferably used in fomis other than plates or rods and 
oreferred shapes are spheres, granules and irregular fomns having an aspect ratio of approximately 1. 
C.^fe^ed'^^norganiS fillers have an average particle size in the range of 0.05 to ^^J^^^^^^l^^^ 
oarticle size is less than 0.05 (un, the film does not stretch enough to ensure smooth biaxial stretching. If 

15 tKverage paSsize exceeds' 4 ,xm, the biaxially stretched filrn has such an uneven surface «,at it is 15 
not suitable for use as an air-permeable film, and in addition, a film of a thickness of 60 ,im or less 
cannot be continuously produced in a stable manner. ^. u ♦k- 

For the purpose of manufacturing a very thin air-permeable film having a unrfonn thickness, the use of 
two inorganic fillers is preferred. One inorganic filler A has a larger average particle size DA and the 

20 other inorganic filler B has a smaller size DB. The DA of filler A is in the range of from 0.6 to 4^m 20 
preferably 0.8 to 2 ,.m. and the DB of filler B ranges from 0.05 to 0.7 m preferably 0.1 to 0.6 ».m. The 
ratio of DA to DB (DA/DB) is in the range of from 2 to 20, preferably 2.5 to 15, more preferably 3 to 10. 
When used in combination 50 to 97 vol%, preferably 60 to 95 vol%, of filler A is mixed with 50 to 3 

25 ''"if^'nrfiE'A ifu^^d^^S amJint sufficient to provide the desired air-pem,eability, stretching of the 25 
film is Dossible but a sufficiently thin air-permeable film having a uniform tiiickness cannot be obtained 
fr^m aSar fjm since it suffL local neckings while it is stretched along a truncatedHX,n.ca mandrel. 
S only fiSer S is used in the amount sufficient to provide the desired air-permeability, the tubular film will 
not sLch sufficiently to provide a thin film by stretching along the mandrel. However surprisingly, al- 

30 thouTr^o pSusible explanation can be given, the combined use of fillers A and B min^nizes the occur- 30 
rnnS of lo«f neckings and enables the production of a sufficiently thin stretched film having a uniform 

*if Sverage particle size of inorganic filler A exceeds 4 ^un. a stretched film, the surface of which is 
too rough to be used as an air-pemneable film, and the development of pinholes prevents the continuous 

35 IndSaWe production of a stretched film having a uniform air-permeabllity. If the average ^^'de s^^ of 35 
filler A is less than 0.7 ^un, the results are tiie same as ttiose which occur when filler B is used alone, the 
Star film will not stretch sufficiently to provide a thin film by stretch along the mandrel. Inorganic fiHer 
B does noTexhibit its ability to prevent local neckings in a thin film if its average particle size is beyond 
0 7 rSar^ 0.05 ,.m. If She ratio of tiie average size of filler A to that of filler B exceeds 20. the 

40 iibu^r Sm cannot be stmtched into a sufficiently thin film along the mandrel without brealc If the rato 40 
of the two average sizes is less than 2. the occurrence of local neckings in a thin film is unavoidable. 

If tiie proportion of filler A exceeds 97 vol%, local neckings occur unavoidabty in the ^'^ which has 
been stretched to a reduced thickness. If the proportion of filler A is less than 50 vo %. the tub" a-r film 
which should slip on the surface of the mandrel under compressive stress sticks to tfie mandrel and a 

45 sufficientiv thin film cannot be obtained continuously in a stable manner. ^ . 

TJlSoJganic filler may be mixed whh the thermoplastic resin under heating in a single-screw or t^^n- 
screw eZZ. Banbury mixer, kneader or mixing rolls. If desired, conventional ^^^^^^^^^^^^ 
persant, heat stabilizer. UV absorber, lubricant pigment and an antistate may be rnixed simultaneouslY 
SMhese hio principal components. Better results may be obtained by using a higher aliphatic aad of 

50 Tor r^e^rL atSms as a dispersant The inorganic filler may be treated with the dispersant and 60 
other additives before it is mixed with tiie tiiemnoplastic resin under heating. 

The mixing ratio of tiie thermoplastic resin and the inorganic filler is such that 42 to 87 vol%, prefera 
biy 5? to sS vol%, of tiie resin is mixed with 58 to 13 vol%, preferably 45 to 20 vol%, of the filler. If the 
proportion of tiie inorganic filler is less tiian 13 vol%, the voids tfiat have formed in the film by separat- 

55 ing of tiie filler from the resin matrix do not communicate with each other to ensure the necessary air 
irmerbHit/. If the proportion of the inorganic filler exceeds 58 vol%, the tubular film does not stretch 
enough to enable its biaxial stretching along the mandrel. 

In^ep fa) of tiie present invention, a tubular film is biaxially stretched along aj"^"=f^«^"'^i^^_"- 
drel, oSS end of whk^h is equal to or slightly smaller tiian the diameter of the tube of ttie ""^^^hed film 

60 and the other end of which has a diameter substantially equal to the value finally obtained Jv ^«J^'"9 
in tiie transverse (circumferential) direction. As it is guided along die slope of tiie mandrel, the tubular 
film is stretched in the machine and transverse directions under compressive stress ^"^f'rf"^^^^";^ 
mandrel by tiie force developing while tiie cooled film is taken up nip ^''^ P°«*'°"^^tTn anSa? cJ^ 
mandrel. The mandrel is preferably fixed at its smaller end to a support rod connected to an annular die 

65 through which the tubular film is extruded. 
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The stretching temperature is a temperature which causes orientation by stretching, and as is known, 
this temperature has a relatively wide range and can be readily define by those skilled in the processing 
of plastic films. Generally, the stretching temperature is within a range slightly lower than the melting 
point of the resin used. In the present invention, the tubular film is stretched by contacting the mandrel 
5 so that the stretching temperature, Ts(*^), and the melting point, TmP*C), preferably meet the relation- 5 
ship: Tm - 50 ^ Ts ^ Tm - 5 (°C), The unstretched film may be heated to the stretching temperature 
either internally through the mandrel or externally. However, in order to achieve uniform heating, at least 
the interior of the film is preferably heated. 
For stretching in a stable manner, the stretching ratio Is preferably in the range of 1.5 to 4 in both 

10 machine and transverse directions. 10 
In steps (b) and (c) of the invention, when the tubular film leaves the mandrel after its biaxial stretching 
is subtantially completed, a gas, typically air as in the conventional technique. Is blown over the outside 
of the film so as to cool ft, and at the same time, a gas Is continuously blown into the tube of the film so 
that the gas penetrates through the film and goes outside. 

15 It is difficult to determine the exact volume of the gas to be blown into the tube of the film since it 15 
varies with the properties and shape of the stretched film, the stretching speed, as well as the tempera- 
ture and volume of the cooling gas. Generally, a suitable value is selected from the range of 0.1 to 150 
N€/m2.min, preferably 1 to 70 N€/m*.min, provided that the tube of the film maintains a diameter substan- 
tially equal to the value obtained upon completion of the biaxial stretching. A film whose air permeability 

20 increases gradually can be produced by introducing an increasing amount of the gas into the tube while 20 
more cooling gas is blown over the outside of the film at the same time. Air is most common as the gas 
to be blown into the tube of the film. The gas is blown into the tube of the film through a conduit which 
is connected to an extemal pressurized container and penetrates through an annular die, the mandrel 
supporting rod and the mandrel interior and which opens at the larger-diameter end of the mandrel. 

25 The process for producing an air-permeable film of the invention can comprise the following five 25 
steps: 1) extruding a molten tubular film through the lip gap of an annular die (mandrel) to provide a 
diameter equal to or larger than the lip diameter and continuously taking up the solidified film; 2) pre- 
heating the film to a temperature suitable for the subsequent stretching; 3) biaxially stretching the heated 
film along a truncated-conical mandrel under compressive stress on the surface of the mandrel; 4) after 

30 the stretching of the film is substantially completed, cooling the tubular film off the mandrel with a con- 30 
trolled gas by blowing over the outside of the tube, and simultaneously providing the film with air 
permeability by continuously blowing a controlled pressurized gas into the tube of the film so that the 
gas penetrates through the entire circumference of the tube; and 5) winding up the cooled stretched film 
as the finished product 

35 The air-permeable film produced according to the present invention can be provided with desired 35 
physical properties by controlling the type of the thermoplastic resin, the particle size of the inorganic 
filler, its type and filling ratio, the temperature of biaxial stretching, the stretching ratio in machine and 
transverse directions, the volume of the cooling gas to be blown, and the volume of the gas to be intro- 
duced into the tube of the film. For films having thicknesses between 25 and 150 fun, a preferred air 

40 permeability is in the range of 25 to 30,000 seconds/100 cc as measured in accordance with JIS P 8117, 40 
and a preferred moisture permeability is in the range of 300 to 25,000 g/m' in 24 hrs as determined by 
JIS Z 0208. K thin films are to be formed, their thickness is preferably not more than 60 \ur\, with 50 \im 
or below being particularly preferred. "JIS" refers to a Japanese Industrial Standard. 
The present invention is hereunder described in greater detail by reference to the fallowing examples, 

45 to which the scope of the invention is not limited. 45 

Exampie 1 

A powder (65 vol%) of an ethylene/butene-1 copolymer (density: 0.920 g/cm^, MFR; 2.0 g/10 min, m.p, 
124''C), 35 vol% of ground calcium carbonate (average particle size: 1.2 irregular form other than 
50 plates and rods), 0.1 part by weight of a heat stabilizer (2,6-di-t-butyliE>-cresol) per 100 parts by weight of 50 
the ethylene/butene-1 copolymer and 1.0 part by weight of a dispersant (oleic acid) per 100 parts by 
weight of the ground calcium carbonate were charged into a super mbcer and were blended for 5 min- 
utes. The blend was fed into a twin-screw extruder, from which a strand was extruded at 200X and cut 
into pellets. 

55 The pellets were extruded at 210°C from a 4-thread spiral annular die (lip dia. 75 mm, lip gap, 1 mm) 55 
on an extruder (screw diameter: 50 mm, LTD ratio: 25) and the extrudate was brought into contact with a 
chilling mandrel (100 mm diameter) constructed internally to circulate water {5°C) so as to solidify the 
melt at a blowup ratio of 1.33, followed by pulling a tubular form of unstretched film having a thickness 
of 200 |jun at a rate of 4 m/min. 

^ The film was heated to 1 14 X on a preheating mandrel (98 mm diameter) connected below the chilling 60 
mandrel. Thereafter, the film was biaxially stretched along a truncated-conical mandrel (114X) having a 
sand-blasted surface (asperities: 0.5 (tm) which was directly connected at one end (98 mm diameter) to 
the preheating mandrel and terminated at the other end at a diameter of 250 mm. The cone angle of the 
mandrel was 90°. The stretching ratios were 2.5 and 3.0 in transverse and machine directions, respec- 

65 tively. Over the entire outside surface of the biaxially stretched tubular film off the truncated-conical 65 
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mandrel chilling air (15°C) was blown at 5 m/sec from an air ring (diameter: 350 mm, lip gap: 3 mm) 
Soned b! mm below the bottom of the mandrel. At the same time air (20^) was continuously blown 
into the tube of the film at 20 N«/m^.min from a conduit also positioned beneath the mandrel. As the air 
was forced to escape through the film, the tubular film was continuously pulled by nip rolls. 
The appearance and physical properties of the resulting air-permeable film are shown in Table 1. 



5 

^AirS-permeable film was produced by repeating the procedure of ixample 1 except that chilling air 
waVwown over the outside of the biaxially stretched tubular film at 10 m/sec while air was blown into 
10 the tube of the film at 40 N€/m>.min. The data for the film obtained is shown in Table 1. 10 

permeable film was produced by repeating the procedure of Example 1 except that *e tubular 
unstr^ched film was preheated and stretched at 112°C and that chilling a^ was blown over theoutode of 
15 Hie bSly stretched tubular film at 20 m/sec while air was blown into the tube of the film at 40 N«/ 15 
m'.min. The data for the film obtained is also own inTable 1. 



^AirS^permeable biaxially stretched film was produced in the same procedure as in Example 1 ©ccept 
20 that no air iSs blown into the tube of the film from a condutt beneath the frxistoconical mandrel. The 
data for the film obtained is shown in Table 1. 

^AlTaSpermeable film was produced in the same procedure as in Example 1 ex^pt for the following 
26 points the JSwder of ethylenert,utene-1 copolymer was replaced by a powder of h-gh^nsity polyethyl- 
SnL Sens^To.956 g/cm' MFR: 0.05 g/10 min, m.p.: 13S>C); the feed was pelletized at 270^ and ex- 
SidS as a'tubular Jnstretched film (150 ^ thick) at 250-C; the film was preheated and btex.a^ly 
stretched at 119°C at a stretching ratio of 2.5 in the machine direction; ch.ll.ng a.r was Jo^^ *^ 
outeide of the biaxially stretched tubular film at 20 m/sec while a.r was blown into the tube of the film at 
30 60 N€/m».min. The data for the air-penneable film obtained is shown in Table 1. 
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Example 6 . 

A powder (65 vol%) of an ethylene/butene-1 copolymer (density: 0.923 g/cm^ MFR: 0.9 g/10 mm, Q 
value: 11, m.p.: 12rC), 35 vol% of ground calcium carbonate (average particle size: 1.2 ft, in Irregular 
form other than plates and rods), 0.1 part by weight of a heat stabilizer {2,6-di-f-butylip-cresol) per 100 
5 parts by weight of the ethylene/butene-1 copolymer and 1.0 part by weight of a dispersant (oleic acid) 5 
per 100 parts by weight of the ground calcium carbonate were charged into a super mixer and were 
blended for 5 minutes. The blend was fed into a twin-screw extruder, from which a strand was extruded 
at 200X and cut into pellets. 

The pellets were extruded at 210°C from a 4-thread spiral annular die (lip diameter: 75 mm, lip gap: 1 
10 mm) on an extruder (screw diameter: 50 mm, L/D ratio: 25) and the extrudate was brought into contact 10 
with a chilling mandrel (100 mm diameter) constructed intemally to circulate water {ETC) so as to solidify 
the melt at a blowup ratio of 1.33, followed by pulling a tubular form of unstretched film having a thick- 
ness of 130 p.m at a rate of 4 m/m in. , *u u-ii- 

The film was heated to 110°C on a preheating mandrel (98 mm diameter) connected below the chilling 
15 mandrel. Thereafter, the film was biaxially stretched along a truncated-<x)nical mandrel (110°C) having a 15 
sand-blasted surface (asperities: 0.5 p.m) which was directly connected at one end (98 mm diameter) to 
the preheating mandrel and terminated at the other end at a diameter of 250 mm. The cone angle of the 
mandrel was 90". The stretching ratios were 2.5 and 3.0 in transverse and machine directions, respec- 
tively. Over the entire outside surface of the biaxially stretched tubular film off the frustoconlcal mandrel, 
20 chilling air (15X) was blown at 10 m/sec from an air ring (diameter: 350 mm, lip gap: 3 mm) positioned 20 
50 mm below the bottom of the mandrel. At the same time, air (20°C) was continuously blown Into the 
tube of the film at 40 N^/m^.min from a conduit also positioned beneath the mandrel. As the air was 
forced to escape through the film, the tubular film was continuously pulled by nip rolls. 

The appearance and physical properties of the resulting air-permeable film are shown in Table 2. 

25 ^ 
Example 7 ^ . „ ^. _^ j * 

An air-permeable film was produced in the same procedure as in Example 6 except that the powder of 
ethylene/ butene-1 copolymer was replaced by a powder of ethylene/propylene/butene-1 copolymer (den- 
sity: 0.918 g/cm', MFR: 0.70 g/10 min, Q value: 6, m.p.: 123°C), and that chilling air was blown over the 

30 outside of the biaxially stretched tubular film at 5 m/sec while air was blown into the tube of the film at 30 
20 N^/m^min. The data for the film obtained is shown in Table 2. 

Examples ^ , ^ . , 

An air-permeable film was produced in the same procedure as in Example 6 except that an ethylene/ 
35 butene-1 copolymer having a density of 0.920 g/cm^, MFR of 1.0 g/10 min, Q value of 3.4 and m.p. of 35 
124X was used, and that the unstretched tubular film was preheated and biaxially stretched at 113°C. 
The data for the product film is shown in Table 2. 

Example 9 ^ , ^ x x n • 

40 An air-permeable film was produced in the same procedure as in Example 6 except for the following 40 
points; the powder of ethylene/butene-1 copolymer was replaced by a high-densrty polyethylene (den- 
sity: 0.950 g/cm^, MFR: 0.05 g/10 min, m.p.: 132°C); the feed was pelletized at 290X and extruded at 
260°C to form a tubular unstretched film; the film was preheated and biaxially stretched at 118^. The 
data for the product film is shown in Table 2. 
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Example 10 

A powder mixture (65 voI%) of equal weights of ethylene/butene-1 copolymer (density: 0.920 g/cm', 
MFR: 1.0 g/10 min, Q value: 3.4, m.p.: 124X) and high-density polyethylene (density: 0.949 g/cm', MFR: 
0.07 g/10 min, Q value: 16, m.p.: 132°C), 35 vol% of ground calcium carbonate (average particle size: 1.2 
|jim, In Irregular form other than plates and rods), 0.1 part by weight of a heat stabilizer (2,6-di-r-butyl-p- 5 
cresol) per 100 parts by weight of the resin mixture, and 1.0 part by weight of a dispersant (oleic acid) 
per 100 parts by weight of the ground calcium carbonate were charged into a super mixer and were 
blended for 5 minutes. The blend was fed into a twin-screw extruder, from which a strand was extruded 
at 230^ and cut into pellets. 

The pellets were extruded at 230^*0 from a 4-thread spiral annular die (lip diameter: 75 mm, lip gap: 1 10 
mm) on an extruder (screw diameter: 50 mm, L/D ratio: 25) and the extrudate was brought into contact 
with a chilling mandrel (100 mm diameter) constructed internally to circulate water (5°C) so as to solidify 
the melt at a blowup ratio of 1.33, followed by pulling the tubular form of unstretched film having a 
thickness of 120 jtm at a rate of 5 m/min. 

The film was heated to 11ff*C on a preheating mandrel (98 mm diameter) connected below the chilling 15 
mandrel. Thereafter, the film was biaxially stretched along a truncated-conical mandrel (118°C) having a 
sand-blasted surface (asperities: 0.5 jun) which was directly connected at one end (98 mm diameter) to 
the preheating mandrel and terminated at the other end at a diameter of 250 mm. The cone angle of the 
mandrel was 90°. The stretching ratio was 2.5 in each of the machine and transverse directions. Over the 
20 entire outside surface of the biaxially stretched tubular film off the frustoconical mandrel, chilling air 20 
(15°C) was blown at 15 m/sec from an air ring (diameter: 350 mm, lip gap: 3 mm) positioned 50 mm 
below the bottom of the mandrel. At the same time, air (20^) was continuously blown into the tube of 
the film at 50 N€/m^min from a conduit also positioned beneath the mandrel. As air was forced to es- 
cape through the film, the tubular film was continuously pulled by nip rolls. 
25 The appearance and physical properties of the resulting air-permeable film are shown in Table 3. 25 

Example 11 

An air-permeable film was produced in the same procedure as in Example 10 except for the following 
points: a high-density polyethylene having a density of 0.952 g/cm' MFR of 0.06 g/10 min, Q value of 11 
30 and m.p. of 133°C was used; the tubular film was stretched to 2.3 times its length In machine direction; 30 
chilling air was blown over the outside surface of the biaxially stretched tubular film at 10 m/sec while air 
was blown into the tube of the film at 30 N^/m^.min. The data for the resulting film is shown in Table 3. 

Example 12 x u * n 

35 /Vn air-permeable film was produced in the same procedure as in Experiment 10 except for the follow- 35 
ing points: the ethylene/butene-1 copolymer and the high-density polyethylene were used in amounts of 
70 wt% and 30 wt%, respectively; the ground calcium cari^onate had an average particle size of 1.08 ftm; 
chilling air was blown over the outside of the biaxially stretched tubular film at 8 m/sec while air was 
blown into the tube of the film at 20 N^/m^.min. The data for the film obtained is shown in Table 3. 
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Example 13 x »_ x n • 

An air-permeable film was produced in the same procedure as in Example 10 except for the following 
points: the ethylene/butene-1 copolymer and high-density polyethylene were used in respective amounts 
of 5 wt% and 95 wt%; the ground calcium carbonate had an average particle size of 1.08 jun; air was 
45 blown into the tube of the biaxially stretched tubular film at 60 N^/m^.min. The data for the produced film 45 
is shown in Table 3. 

Example 14 

An air-permeable film was produced in the same procedure as in Example 10 except for the following 
50 points: a high-density polyethylene having a density of 0.951 g/cm', MFR of 0.8 g/10 min, Q value of 5.3 50 
and m.p. of 133X and ground calcium carbonate having an average particle size of 1.(» jum were used; 
chilling air was blown over the outside of the biaxially stretched tubular film at 5 m/sec while air was 
blown into the tube of the film at 20 N€/m^min. The data for the produced film is shown in Table 3. 
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A powder (65 vol%) of an ethylene/butene-1 copolynner (density: 0.920 g/cm', MFR: 1.0 g/10 min, Q 
value- 3 4 m p.: 124''C), 53 vol% of an inorganic filler mixture consisting of 80 vol% of ground calcium 
carbonate (average particle size: 1.2 in irregular form other than plates and rods) and 20 vol% of pre- 

5 cipltated calcium carbonate (average particle size: 0.3 ft, cubic), 0.1 part by weight of a heat stabilizer 5 
(2 6-di-t-butyI-p-cresol) per 100 parts by weight of the ethylene/butene- 1 copolymer and 1.0 part by 
weight of a dispersant (oleic acid) per 100 parts by weight of the inorganic filler mbrture were charged 
into a super mixer and were blended for 5 minutes. The blend was fed into a twin-screw extruder, from 
which a strand was extruded at 200X and cut into pellets. 

10 The pellets were extruded at 210°C from a 4-thread spiral annular die (lip diameter: 75 mm, lip gap: 1 10 
mm) on an extruder (screw diameter: 50 mm, L/D ratio: 25) and the extrudate was brought into contact 
with a chilling mandrel (100 mm diameter) constructed internally to circulate water (5°C) so as to solidify 
the melt at a blow up ratio of 1.33, followed by pulling a tubular form of unstretched film having a thick- 
ness of 110 am at a rate of 5 m/min. , ^ u-iil 

15 The film was heated to 1 10**C on a preheating mandrel (98 mm diameter) connected below the chilling 15 
mandrel Thereafter, the film was biaxially stretched along a truncated-conical mandrel (110°C) having a 
sand-blasted surface (asperities: 0.5 jtm) which was directly connected at one end (98 mm diameter) to 
the preheating mandrel and temiinated at the other end at a diameter of 250 mm. The cone angle of the 
mandrel was 90°. The stretching ratios were 2.5 and 3.0 in transverse and machine directions, respec- 

20 tively Over the entire outside surface of the biaxially stretched tubular film off the frustoconical mandrel, 20 
chillinq air (15°C) was blown at 5 m/sec from an air ring (diameter: 350 mm, lip gap: 3 mm) positioned 
50 mm below the bottom of the mandrel. At the same time, air (20°C) was continuously blown into the 
tube of the film at 5 N€/m^min from a conduit also positioned beneath the mandrel. As the air was 
forced to escape through the film, the tubular film was continuously pulled by nip rolls. 

25 The appearance and physical properties of the resulting air-permeable film are shown m Table 4. 25 

^AlTal^rmeable film was produced in the same procedure as in Example 15 except that the inorganic 
filler mixture was composed of 90 vol% of ground calcium carbonate (average particle size: 1.8 p-m, in 
30 irregular form other than plates and rods) and 10 vol% of precipitated calcium carbonate (average parti- 30 
cle size: 0.3 p.m, cubic). The data for the produced film is shown in Table 4. 



An air-permeable film was produced in the same procedure as in Example 15 except for the following 
35 points: the ethylene/butene-1 was replaced by a high-density polyethylene) density: 0.956 g^^ MFR: 
005 g/10 min, Q value: 7, m.p.: ^3S^C); the feed was pelletized at 290^ and extruded at 260X ^V^^ft 
a tubular unstretched film having a thickness of 90 ^m; the film was preheated and biaxially stretched at 
120°C. The data for the air-permeable film obtained is shown in Table 4. 

^ ^AlTa^-pfrmeable film was produced in the same procedure as in Example 15 except that the inorganic 
filler was composed of 30 vol% ground calcium carbonate and 70 vol% precipitated calcium carbonate. 
The data for the air-permeable film obtained is shown in Table 4. 

45 Example 19 



An air-permeable film was produced in the same procedure as in Example 15 except for the following 
points: a tubular form of unstretched film having a thickness of 130 ^m was extruded from a feed using 
only ground calcium carbonate as the inorganic filler; the film was preheated and biaxially stretched at 
55 liyC; chilling air was blown over the outside of the stretched tubular film at 10 m/sec while air was 
blown into the tube of the film at 40 N€/m^min. The data for the resulting air-permeable film is shown m 



Table 4. 



35 



40 



45 



An air-permeable film was produced in the same procedure as in Example 15 except that the inorganic 
filler mixture was composed of 60 vol% ground calcium carbonate and 40 vol% precipitated calcium car- 
bonate having an average particle size of 0.03 jtm. The data for the air-permeable film obtained is shown 
in Table 4. gQ 



55 



60 An air-permeable film was produced in the same procedure as in Example 15 except that the inorganic 60 
filler mixture was composed of 80 vol% of ground calcium carbonate (average size: 0.9 iim, in irregular 
form other than plates and rods) and 20 vol% of ground caldum carbonate (average size: 0.6 jrni, in 
irregular form other than plates and rods). The data for the produced film is shown in Table 4. 
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CLAIMS 



1 . A process of producing an air-permeable film which compnses: * « . ♦h-.r 

(a) biaxially stretching a tubular unstretched film of a composition compnsing 42 to 87 yol% of a ther- 

5 moplastic resin and 58 to 13 vol% of an inorganic filler, along a truncated-conical mandrel; 5 

(b) blowing a gas over the outside of the biaxially stretched tubular film to cool the film, and 

Ic) simultaneously blowing a gas continuously Into the tube of the film so that the gas penetrates 

throuQh the film to the outside. ... - ^< «*Kt,i 

2 A process according to Claim 1. wherein said thermoplastic resm compnses a copolymer of ethyl- 
10 ene and an a-olefin, the ^polymer having a density of 0.910 to 0.940 g/cm' and a melt flow rate of 0.1 to 10 

^ TTprocess according to Claim 1, wherein said thermoplastic resin comprising a higli-density poly- 
ethylene having a density of 0.941 g/cm' or more and a melt flow rate of 1.0 g/10 mm or less. 
4 A pro^ according to Claim 2. wherein said ethylene/a-olefin copolymer has a Q value of 4 or 
15 more, said Q value being defined as the ratio of the weight average molecular weight to the number 

T A pT^ a^X'to Claim 3. wherein said high-density polyethylene has a Q value of 8 or more. 

said Q value being as defined in Claim 4. ... - ^ * .« on «f <, 

6 A process according to Claim 1, wherein said them^oplastic resin is a mixture of 10 to 90 wt% of a 
20 coDolvmer as claimed in Claim 2 or 4 and a polyethylene as claimed in Claim 3 or 5. 
20 «'P°'^p«;j^ 3^^i„g t„ preceding claim, wherein said inorganic filler has an average particle 

° A Jo^ ^rding to Claim 7, wherein said Inorganic filler is a mixtuj^ «rf 50 to 97 vol% «rf a first 
inoraanic fillThaving an average particle size of 0.7 to 4 ^tm and 50 to 3 vol% of a second organic fi ler 
25 hSTn aliie particle size of 5.05 to 0.7 ..m. the two fillers being njiixed in such proportions that the 
ratio of the average particle size of the first filler to that of the second filler is 2 to 20. 

9 A pro^ according to any preceding claim, wherein the biaxial stretching rato is m the range of 
1.5 to 4 in both machine and transverse directions. - i. , j ...^h «.for 

10 A process of producing an air-permeable film, substantially as hereinbefore described with tefer- 

30 ence to any of the Examples. 
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